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High volume, low frequency continuous amhulatory peritooeal dialysis.
Intra-abdominal pressure (lAP), forced vital capacity (FVC), and
forced expiratory volume at I sec (FEV1) were measured in 18 stable
continuous ambulatory peritoneal dialysis (CAPD) patients maintained
on 2-liter exchanges, in the supine, sitting, and upright positions after
infusing dialysis solutions in 0.5-liter increments up to 4 liters as
tolerated. Thereafter, five patients did not increase to 3-liter volumes
(RUT-0), four used 3-liter volumes occasionally (RUT-i), and nine
chose 3-liter volumes for routine dialysis (RUT-2). lAP was similar in
all groups and dependent on the intraperitoneal volume (IPV). 'l'he
mean lAP increased 2.0, 2.7, and 2.8 cm H,O/liter of IPV in the supine.
upright, and sitting positions, respectively. The patients of the RUT-0
group had dramatic detedoration (up to 42%) of FVC and FEy1 in the
supine position with IPV above 2 liters. The patients with the greatest
deterioration of pulmonary functions could not continue the measure-
ments above 3 liters of IPV. Two of these patients were switched to 1-
liter overnight exchanges. Even in patients who tolerated up to 4 liters,
PVC and FEY1 decreased significantly in the supine and sitting
positions, with I PV greater than 3 or 4 liters, respectively. In the upright
position, the values did not decrease signiticantly below those with the
empty abdomen up to 4.6 liters of IPV. Each liter of IPV increased the
abdominal girth by 2.1 cm. Exchange volume and frequency should he
individualized. In our studies, 50% of the patients could increase daily
dialysate volume from 8 to 9 liters while decreasing daily exchanges
from 4 to 3.
Dialyse përitonëale continue ambulatoire a grand volume et faible
fréquence. La prcssion intra-abdominalc (lAP), Ia capacité vitalc forcec
(FVC), et Ic volume cxpiratoire force a t secondc (FLV1) ont etC
mesurCs chez IS malades en dialysc péritonCalc continue ambulatoire
(CAPD) stables, maintenus avec des Cchanges de 2 litres, en position
conchée, assisc, ct debout, aprCs pert'nsion de solutions de dialyse par
paliers dc 0,5 litre, jusqu'a 4 litres, en fonction dc Ia tolerance.
UltCrieurement, cinq malades n'ont pas augmenté a des volumes de 3
litre (RIJT-0), quatre ont utilise occasionnellement des volumes de 3
litres (RUT-l), ct ncufont choisi des volumes dc 3 litres poor Ia dialyse
de routine (RUT-2). lAP était identique dans tons es groopes et
dCpendant do volume intra-pCritonéal (IPY). lAP moyen s'est élevC a
2,0, 2,7, et 2,8 cm H20/litrc d'IVP en position coochéc, debont et
assise, respectivenient. Les malades do gronpe RUT-0 ont en one
dCtCrioration majenre (josqo'a 42%) de FVC er de FEY1 en position
couchCe avec one IPY an dessos de 2 litres. Les malades ayant Ia plus
grandc deterioration des fonctions polmonaires ne pouvaicnt pas con-
tinuer les mesorcs an dessos de 3 litre d'IPV. Deux de ces malades out
etC mis a des Cchanges nocturnes d' 1 litre. MCme chez les patients qni
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tolCraient josqo'a 4 litres, PVC ct FEY1 diminuait significativcment
dans Ics positions coochCe et assise, avec on IPV sopCrieor a 3 oo 4
litres, respectivcmcnt. En position dehoot, les valeors ne diminoaient
pas siguificativemeut en dcssoos de celles avec on abdomen vide et
josqo'a 4,6 litres d'IPV. Chaqoc litre d'IPV aogmentait le pCrimCtre
abdominal de 2,1 cm. Le volume d'échange et Ia frCqoeucc d'Cchaugc
devraient Ctre individoalises. Dans uos etudes, 50% des malades
ponvaicut aogmenter Ic volome joornalier de dialysat de S a 9 litres
tandis qo'ils dimiuoaieut les Cchanges joorualiers de 4 a 3.
The tise of a 2-liter dialysis solution volume for continuous
ambulatory peritoneal dialysis (CAPD) is traditional and not
based on evidence that higher volumes cannot be used. A
decreased number of exchanges with an increased volume of
dialysis solution is a highly desirable CAPD technique. Since
peritoneal dialysis clearances are a function of drainage volome
and since daily drainage volumes arc higher using the 3-liter
exchanges, this approach may even increase clearances with
fewer exchanges per day [1, 2].
There are several other advantages of reducing the frequency
of exchanges. First, it is likely that peritonitis rates are a direct
function of the number of exchanges per day [3j. Second, this
technique has substantial cost-saving implications. 'l'he cost of
a 3-liter bag of solution is only slightly in excess of a 2-liter bag
($8.55 and $7.40, respectively). Including solutions and ancil-
lary supplies, the cost is reduced 16% by changing ftom four 2-
liter 10 three 3-liter exchanges per day. At current yearly supply
costs for CAPD near $13,235, a 16% savings exceeds $2,100 per
patient per year. Third, employed patients may have uninter-
rupted working hours and perform their exchanges in a con-
trolled environment.
We have shown previously that 2.5-liter exchanges were well
tolerated by 13 of 16 patients studied [4] and sufficient ultrafil-
tration and clearances were obtained with three exchanges per
day [4, 5]. The major determinant of the patient's tolerance of a
2.5-liter volume was vital capacity, which was significantly
lower in patients not tolerating larger volumes. Dialysis solution
in 2.5-liter bags is not obtainable in this country, but 3-liter bags
are currently available. Forbes, Reed, and Goldsmith [6] used
3-liter volumes with 1.5% glucose solution for some exchanges
in one male patient. Our preliminary study showed that six out
of ten patients could tolerate a 3-liter volume for routine dialysis
[7].
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Table 1. Patient characteristics
Patient
no. Sex Age
Renal
disease
Weeks
on
CAPD
HX
PuIm
inf
HX
Smoking
Height
cm
Weight
kg
BSA
m2
DUT
cm
DXP
cm RUT
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
M
M
F
M
F
F
M
F
M
F
M
M
F
M
M
F
F
M
63
24
47
62
45
57
39
33
66
73
38
63
58
58
60
35
34
55
ON
ESRD
CGN
DN
ESRD
PRD
DN
ON
DN
PRD
ESRD
ESRD
CGN
A
HN
CGN
DN
DN
199
60
230
15
32
87
6
134
48
91
7
26
17
9
12
32
82
15
—
+
—
—
—
—
—
+
+
—
—
—
—
—
—
—
—
+
+
+
—
+
+
+
+
—
+
—
—
+
+
—
+
+
+
+
169
179
160
185
165
169
185
153
166
162
171
180
164
168
167
153
161
170
99
69
96
92
106
91
74
65
59
68
59
68
67
87
84
53
54
71
2.09
1.87
1.98
2.16
2.11
2.01
1.97
1.62
1.65
1.73
1.69
1.86
1.73
1.97
1.93
1.49
1.56
1.82
25.0
16.3
30.2
24.5
27.2
24.5
21.0
23.0
12.0
27.0
18.0
19.5
20.0
24.8
21.5
18.0
19.5
20.0
31.3
29.0
30.4
26.0
29.0
31.8
28.9
24.0
26.0
28.8
31.0
27.5
27.0
33.8
26.8
29.8
25.5
29.0
2
2
1
2
2
0
1
2
0
0
2
2
1
2
2
0
1
0
Male mean
SD
Female mean
SD
52.8
14.1
47.8
14.2
39.7
59.0
88.1
69.3
174.0
7.5
160.9
5.6
76.2
13.7
75.0
20.0
1.90
0.16
1.78
0.23
20.3
4.1
23.7
4.3
28.9
2.6
28.3
2.5
Total mean
SD
50.6
14.0
61.2
66.5
168.2
9.4
75.7
16.3
1.85
0.20
21.7
4.4
28.6
2.5
A,Abbreviations: amyloidosis; CGN, chronic glomerulonephritis; DN, diabetic nephropathy; ESRD, ESRD—unknown etiology; HN,
hypertensive nephropathy; ON, obstructive nephropathy; PRD, polycystic renal disease; BSA, body surface area; DUT, distance from umbilicus
to table in supine position; DXP, distance from xiphoid process to symphysis pubis; RUT, routine use of 3-liter volumes: 0, never; 1, occasional; 2,
always.
The main purpose of this study was to observe factors related
to tolerance of high volume dialysis. Among them the most
probable seemed to be pulmonary function, intra-abdominal
pressure, size and habitus of the patient, time spent on CAPD,
age, sex, and primary renal disease. Since there are only a few
publications on pulmonary functions and intra-abdominal pres-
sure with an increased intraperitoneal volume in CAPD pa-
tients, and these factors can influence some CAPD complica-
tions, the greatest emphasis was placed on these parameters.
Pulmonary function studies were limited to those readily per-
formed in our CAPD clinic.
Methods
Patients. The study population consisted of 18 patients who
had been on CAPD for at least 6 weeks. All patients were at dry
body weight, ambulatory, and without signs or symptoms of
uremia. There were eight women and ten men. A wide variety
of underlying renal diseases led to kidney failure, including
polycystic renal disease in two female patients. Four patients
had previous pulmonary infections, but none suffered from
chronic pulmonary disease. Only five patients had never been
smokers. Detailed clinical characteristics of these patients are
given in Table 1. None of the patients suffered from lower back
pain or abdominal hernias. All patients gave informed consent
for these studies.
Initial studies (phase 1). Following complete drainage of the
abdominal cavity, a central venous pressure (CYP) manometer
(Pharmaseal Laboratories, Glendale, California) was connected
to the catheter and CAPD tubing to the manometer adapter.
With an empty abdomen, the distance from the umbilicus to the
table (DUT) was determined in the supine position and the
distance from the xiphoid process to the symphysis pubis
(DXP) was measured in the upright position, Intra-abdominal
pressure (lAP) was measured at the level of the umbilicus in the
supine position and at the level of the xiphoid process in the
sitting and upright positions. The patients were asked to relax
completely during measurements because talking, coughing,
laughing, and movement increased intra-abdominal pressure.
The measurement was done after complete stabilization of
the manometer for at least 20 sec. Thus, our measurements
represent the lowest possible pressure at the highest level of the
abdomen.
Forced vital capacity (FVC) and forced expiratory volume at
1 sec (FEy1) were measured on a Collins' 9 Liter Respirometer,
Model 7l8B. The measurements were repeated twice in each
position and a mean value was used in the data analysis. After
measurements were made with the empty abdomen, Dianeal®
(1.5% glucose, Travenol Laboratories, Deerfield, Illinois) solu-
lion was instilled in increments of 0.5 liter up to 4.0 liters. At
each 0.5-liter increment, lAP, FVC, and FEYI measurements
were repeated in all three positions. The patients were asked at
each increment of intraperitoneal volume to report subjective
feelings, and the study was terminated in the patients with
shortness of breath or who described more than a slight
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discomfort due to fullness. After the last measurement, the total
volume of fluid was drained and measured. The lAP, FVC, and
FEy1 measurements were repeated with the empty abdomen and
0.5-liter increments of Dianeal (4.25% glucose) as tolerated.
Abdominal girth at the level of the umbilicus was measured in
the supine position in five patients with the empty abdomen and
at I-liter increments of intraperitoneal volume of 1.5% glucose
solution.
The time required to perform all measurements with each
glucose concentration ranged from 1.5 to 2.5 hr. Consequently,
substantial ultrafiltration occurred and the volume present in
the peritoneal cavity at measurements exceeded the volume
infused. The volume presented in the peritoneal cavity at any
time was estimated using the following formula:
IPV = (DV Vl)/TVI
where IPV is the calculated intraperitoneal volume at the time
of measurement; DV, the final drainage volume; TV!, the total
volume infused; and VI, the volume infused at the time of
measurement. This estimate assumes that increments in total
ultrafiltration followed each infusion and this total ultrafiltration
volume would he approximately proportional to the total instil-
lation volume.
Chronic studies (phase 2). Following the acute studies,
patients were placed in one of three groups based on tolerance
to large volumes in initial phase I studies and patient willing-
ness to try some or all exchanges at larger volumes. Group
RUT-0 did not use 3-liter exchanges; groups RUT-I and RUT-2
were encouraged to use 3-liter exchanges as tolerated. Group
RUT-i used 3-liter exchanges some of the time. Group RUT-2
used 3-liter exchanges exclusively for a minimum of 2 months.
The results of acute phase studies were compared in these
groups. Thus, groups RUT-I and RUT-2 evolved as a result of
patient preferences to chronic use while group RUT-0 was
defined mainly by subjective intolerance to phase I studies.
Statistical analysis. Data from the different groups were
compared by unpaired t tests, x2 analysis, analysis of variance,
stepwise multiple regression analysis, simple linear regression,
and the Duncan multiple range tests 8—l0J. For some analysis
paired t tests were performed [8].
Results
Patient groupings as a result of phases / and 2. Table I
shows data of patients in relation to their tolerance of 3-liter
volumes. Five patients have never used 3-liter volumes for
routine dialysis (RUT-0), four patients used this volume occa-
sionally (RUT-I), and nine patients preferred this volume for all
exchanges (RUT-2).
Only one patient (no. 16, Table I) of the RUT-0 group could
tolerate measurements up to 4 liters of infused dialysis solution,
four others dropped from the study after 2.5 to 3.5 liters of the
fluid were infused, due to major discomfort and dyspnea
particularly in the supine position. Two of these RUT-0 patients
had polycystic renal disease, two diabetic nephropathy, and
one glomerulonephritis.
During routine use of 3-liter exchanges, patients of the RUT-I
group felt abdominal distention and decreased appetite which
outweighed advantages of fewer exchanges per day. These
patients used 3-liter volumes only when they needed prolonged
dwell times. Diabetic nephropathy was present in two patients
and chronic glomerulonephritis in two patients. Only one
patient (no. 7, Table 1) of this group dropped from the study
after an infusion of 3 liters, 4.25% glucose solution, and 3.5
liters, 1,5% dextrose solution. All others remained in the study.
During routine use of the 3-liter volume, four patients from
the RUT-2 group felt minimal discomfort and diminished appe-
tite which were compensated by the advantages of fewer
exchanges per day. Five patients did not experience any
untoward symptoms. None of the patients had polycystic renal
disease, and only one had diabetic nephropathy (Table 1). All
patients of this group remained in the study up to infusion of the
4-liter volume.
Analysis of variance (Table 2) and Duncan's multiple range
test did not show any significant differences among these
groups in age, weight, height, body surface area, distance from
the xiphoid process to the symphysis pubis (DXP), distance
from the umbilicus to the table (DUT), time on CAPD in weeks
(WCAPD), as well as a percent of predicted values for vital
capacity, percent of forced expiratory volume at I sec in the
sitting position, and lAP with the empty abdomen, Obviously,
variations in size beyond the ranges of our population should
eventually influence such measurements. The percent of pre-
dicted respiratory function tests were almost identical in the
three groups (even slightly lower in patients of the RUT-2
group). A history of smoking did not have any influence on the
patient's tolerance of 3-liter volumes.
Among nine patients of the RUT-2 group, there were seven
men and two women, in the RUT-I group, one man and three
women, and in the RUT-0 group, two men and three women.
The differences in sex distribution among these groups were not
significant (all P > 0.15).
Intra-abdominal pressure. An analysis of variance did not
show a difference in intra-abdominal pressure among the three
groups of patients at any intra-abdominal volume (all P > 0.36).
Also, when IVP values at all IPV were combined, an analysis of
variance did not show significant differences among these three
groups of patients. Since no differences were found between
lAP values related to IPV for 1.5 and 4.25% glucose solutions,
combined calculations for both solutions were performed. The
relationships between lAP and IPV are shown in Figure 1. As
can be seen, lAP values were the lowest in the supine position
and the highest when patients were sitting.
The values differed markedly among individual patients.
Table 3 shows a stepwise multiple regression analysis for the
relation between lAP as a dependent variable and five indepen-
dent variables. The values in Table 3 allow prediction of lAP if
independent variables are known.
Time on CAPD in weeks and the ratio of the sagittal to
longitudinal diameters (UTXPR) of the abdomen are related
directly to TAP in both sitting and upright positions but do not
relate to pressure in the supine position. UTXPR is the measure
of patient abdominal obesity and is correlated highly with
weight to height ratio (R2 = 0.65). This ratio also correlates with
weeks on CAPD (R2 = 0,44). However, the influence of
WCAPD on TAP is independent of obesity since both variables
showed high correlation when entered concurrently into the
analysis system. The only variable with an inverse relationship
to lAP was the product of sagittal and longitudinal abdominal
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Table 2. Analysis of variance of data in relation to patient tolerance of a 3-liter volume for routine dialysis
Group
Age
years
Height
cm
Weight
kg
BSA'
m2
DUT'
cm
DXPa
cm
WCAPD
weeks
PVCS
%
PFEVIS
%
RUTOa
(N = 5)
Mean
SD
57.2
14.4
164.0
6.9
68.4
14.5
1.74
0.20
20.3
5.8
29.1
2.1
54.6
33.5
89.7
11.5
89.5
12.1
RUT-P
(N=4)
Mean
SD
44.5
10.5
167.5
11.8
72.8
17.6
1.81
0.20
22.7
5.1
28.0
2.1
83.8
103.1
86.6
21.2
91.7
25.3
RUT2a
(N = 9)
Mean
SD
49.6
14.9
170.8
9.5
81.0
16.5
1.92
0.18
22.2
3.6
28.7
3.0
54.9
67.3
85.6
18.1
85.4
17.6
F value
Probability
0.96
0.40
0.84
0.45
1.06
0.37
1.55
0.24
0.37
0.70
0.21
0.81
0.27
0.77
0.09
0.92
0.19
0.83
Abbreviations: WCAPD, weeks on CAPD; PVCS, predicted value for forced vital capacity in the sitting position; PFEV1S, predicted value for
forced expiratory volume at 1 sec in the sitting position.
a See Table 1 for explanation.
—Supine ol.5%
•4.25%
Upright 1.5%
£4.25%
—Sitting 01.5%
• 4.25%
diameters (DUT x DXP = PUTXP) which is an approximate
measure of abdominal capacity. Although this product corre-
lates with body surface area (R2 = 0.61), its influence on LAP is
independent and opposite to that of BSA. Larger sized patients
tend to have higher lAP in the supine position, but if the
abdominal capacity is disproportionately larger to the body
surface area, lAP is lower. The influence of age on lAP was
positive in all three positions but relatively small in the supine
position.
Solution type and pulmonary function. Pulmonary function
as measured by FVC and FEy1 did not differ significantly
between 1.5 and 4.25% dialysis solution. Thus, only the volume
present in the peritoneal cavity influenced these values and any
Position variable B value SEM F Prob F
Supine
Intercept —2.83390
IPV, ml 1.97742 0.00621 1013.27 0.0001
PUTXP, cm2 —7.87 X 10 0.00481 37.43 0.0001
BSA, m2 2.14169 0.61371 12.18 0.0006
Age, years 0.01532 0.00734 4.36 0.0377
Upright
Intercept —11.08578
IPV, ml 2.71220 0.01467 340.76 0.0001
WCAPD, weeks 0.01 147 0.00368 9.70 0.0020
UTXPR 12.55456 1.73080 52.61 0.0001
Age, years 0.05572 0.01645 12.31 0.0005
Sitting
Intercept —8.69973
IPV, ml 2.80576 0.01455 371.90 0.0001
WCAPD, weeks 0.02531 0.00364 48.19 0.0001
UTXPR 9.49176 1.71392 30.07 0.0001
Age, years 0.08826 0.01629 29.35 0.0001
irritating effect of more hyposmolar solution may be excluded.
In further analysis, the measurements obtained with both
solutions are combined.
Forced vital capacity. Figure 2 shows FVC in the supine
position in the three groups of patients. IPV was calculated as a
mean of the 1.5 and 4.25% solution volumes. FVC was signifi-
cantly lower in the group RUT-0 compared to the RUT-2 in the
sitting position at 2.89 and 3.47 IPV, and significantly lower in
the supine position compared to both remaining groups at 3.47
IPV. Three patients of RUT-0 group terminated the study at this
volume due to dyspnea and severe discomfort, especially in the
supine position.
Forced expiratory volume at 1 sec. FEV1 relationships were
similar to that of FVC, the statistically significant difference
occurring at the same IPV in the same positions. The patients
R2=0.44
y = 4.49 +
0N
E
Table 3. Intra-abdominal pressure in relation to intraperitoneal
volume (IPV), time on CAPD (WCAPD), ratio of sagittal abdominal
diameter to longitudinal abdominal diameter (UTXPR), product of
these two diameters (PUTXP), age, and body surface area (BSA),
calculated by step-wise multiple regression analysisa
18
16
14
12
10
8
6
4
2
0
—2
= 0.75
y = —1.10 + 1.97x
0 1 2 3 4 5
IPV, liters
Fig. 1. Intra-abdominal pressure (lAP) related to calculated intraperito-
neal volume (IPV) of 1.5 and 4.25% glucose solutions. Means SEM.
Linear regressions are also shown.
a No other variables met the 0.05 significance level.
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3.5-
RUT = 2
I I I I I I
0 1.0 2.0 3.0 4.0 5.0
IPV, liters
Fig. 2. Forced vital capacity (F'VC) in the supine position in relation to
intraperitoneal volume (IPV) in three groups of patients. P values are
shown for significant differences. Other abbreviations are explained in
Table I.
had normal FEy1 as expressed by the percent of FVC; the
mean was 80%.
Position oft/ic patients and forced vital capacity. Mean FVC
values in the upright, sitting, and supine positions in the 13
patients who completed the measurements up to 4 liters of
infused fluid were compared (Fig. 3). Statistical analysis was
performed with the use of the paired Student's t test. In the
supine position, the values at 3.5 to 4.6 liters of IPV decreased
significantly compared to those with the empty abdomen. In the
sitting position, the values at an IPV of 1.1 to 2,3 liters were
significantly higher than those with the empty abdomen. It was
not until 4.6 liters of IPV that the values were significantly
lower than those with the empty abdomen. In the upright
position, the highest values were obtained at 2.9 liters of IPV.
With up to 3.5 liters of IPV the values were significantly higher
than those with the empty abdomen, and similar values as those
obtained when the abdomen was empty were obtained again at
4.6 liters of IPV. Severalpatients complained of abdominal
discomfort and inability to take in a full breath with the empty
abdomen because of shoulder pain. They felt better with a
moderate quantity of fluid in the peritoneal cavity. In the supine
position all values except those with the empty abdomen were
lower than those in the sitting position. Compared to the upright
position, the values in the supine position were all significantly
lower except at 0 and 1.1 IPV. The values in the upright position
compared to the sitting position were significantly lower at 0
and 1.1 liters IPV, and significantly higher at 3.9 and 4.6 liters
IPv.
Abdominal girth (AG). AG was measured in five patients in
the supine position. The mean longitudinal abdominal diameter
- I I I
0 1 2 3
PV, liters
4 5
Fig. 3. Mean forced vital capacity (FVC) related to calculated intraperi-
toneal volume (IPV) in 13 patients. Open sv,nhols represent the
significant difference compared to the values at IPV = 0. Other
symbols: asterisk, significant difference compared to the sitting position
at the same IPV; plus sign, significant difference compared to the
upright position at the same IPV.
(DXP) was 29.6 2.7 cm for these patients. Figure 4 shows the
relationship between abdominal girth and IPV in these patients.
The mean abdominal girth increased from 84.0 to 92.9 cm. The
relationship between the mean AG and IPV is given by the
equation: AG = 84.0 + 2.1 IPV.
One patient from the RUT-I group (no. 13, Table 1) discon-
tinued 3-liter volume exchanges because of the reluctance to
buy larger size garments.
Discussion
We have shown previously that patients who could not
tolerate 2.5-liter volume exchanges had significantly lower FVC
in the sitting position than the patients who could tolerate such
a volume [4]. It is not surprising that 3-liter volumes were
tolerated by a smaller proportion of the patients than was found
for 2.5 liters. Again it was shown that pulmonary function is a
very important determinant of the tolerance of increased vol-
ume by the patient. Forced vital capacity in the supine position
seems the most sensitive indication of tolerance to larger
volumes of fluid.
The lAP values from this study can be recalculated readily
for other reference points if sagittal and longitudinal diameters
of the patients are known (Tables I and 2). Thus, our data can
be compared to the other studies (Table 4). In a group of
cirrhotic patients with tense ascites, Guazzi et al [11] found at
the level of the inferior vena cava an lAP of 18 mm of mercury
with 5,000 ml of fluid. After removal of fluid, an lAP of 10 mm
of mercury was found; the difference was 8 mm of mercury
(-5
>
U-
4.0-
3.0
2.0
1.0
Sitting A—A
Supine .—o
Upright U—'—D
3.3 -I
''----L
ARuT=1
0>
U-
P values
1 vs. 3 = 0.004
2 vs. 3 = 0.049
RUT = 0
3.2 -
3.1 -
3.0-
2.9 —
2.8-
2.7
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IPV, liters
Fig. 4. Abdominal girth (AG) related to intraperitoneal volume (JPV) in
five patients. The distance from xiphoid process to symphysis pubis
(DXP) is given in parentheses. Linear regression for all patients is also
shown. Symbols: open, females; closed, males.
(10.4 cm of water), that is, 2.08 cm of water per liter of fluid.
This data is in excellent agreement with our results. In four
patients treated with intermittent peritoneal dialysis (IPD),
Gotloib [12] found increases in lAP from 0 to 15.71 cm of water
with IPV of 0 to 2571 ml; that is, 6.11 cm of water per 1 liter of
fluid. Schurig et al [13] noted in 11 IPD patients an increase in
lAP from 7.5 mm of mercury to 18.0 mm of mercury (9.75 to
23.40cm of water); that is, 4.55 cm of water per 1 liter of IPV.
Odriozola, Bahlmann, and Fabel [14] in ten IPD patients
observed an increase in lAP from 6.78 with the empty abdomen
to 14.3 cm of water with 2 liters offluid; that is, 3.76cm of water
per 1 liter of IPV. The measurements in IPD patients were done
in the semirecumbent position.
Lower values of lAP in CAPD patients and the patients with
chronic ascites as compared to IPD patients might relate to
differences between recumbent and semirecumbent measure-
ments, chronicity, or other unknown factors.
Both vertical positions (sitting and upright) increase lAP even
if the point of reference is not the umbilicus but a much higher
point (xiphoid process) as we used in our study. It has been
shown previously that the creation of tAP is a very important
mechanism of weight transmission of the upper part of the body
to the pelvis, thus protecting the spinal column from excessive
stress [15]. Patients with lower back pain tend to build up much
higher intra-abdominal pressure compared to the controls. This
further emphasizes the physiological importance of the tAP in
supporting the lumbar spine [16]. When the pressures were
measured intragastrically, lAP increased to more than 100 mm
of mercury during jumping [15] and more than 200 mm of
mercury during weight lifting [17, 18]. Compared to these
Patients
IAP/IPV cm
1120/liter References
Cirrhotics with ascites 2.la 11
Intermittent peritoneal dialysis 6.1k' 12
Intermittent peritoneal dialysis 4.6k' 13
Intermittent peritoneal dialysis 3.8h 14
Our studies 2.Oa
values, lAP in the relaxed patient is very low, as is the increase
in pressure with increased IPV.
We did not include patients with hernias in our study popula-
tion considering the possibility of aggravation with higher
volumes. tAP in the vertical positions at the level of an inguinal
hernia would be approximately 30 cm of water higher than that
measured at the level of the xiphoid process, averaging 38 or 40
cm of water at 2 liters intraperitoneal volume for upright and
sitting positions, respectively. An increase of 2.7 or 2.8 cm of
water for these positions, respectively, with an additional 1 liter
of fluid constitutes a 7% increase in pressure. No data is
available on the influence of IPV on lAP during exercise.
Nevertheless, we would urge caution in the use of 3-liter
exchanges in patients with a hernia.
Tolerance to 3-liter exchanges might be most limited during
sleep. Not only are patients then supine, but it has been found
that during rapid eye movement sleep there is a marked
inhibition of the intercostal muscles which has a profound effect
on the mechanics of breathing [19]. In the absence of intercostal
contraction, the ribcage becomes unstable and the diaphragm
sucks in the ribs rather than drawing in fresh air. To maintain
the same tidal volume, the work of the diaphragm has to
increase substantially [191. But, if intra-abdominal pressure
prevents effective diaphragm contraction, the patients suffer
from severe dyspnea. Two of the RUT-0 group patients (nos. 9
and 10, Table 1) described symptoms during overnight ex-
changes exactly in accordance with this mechanism. They were
awakened from sleep with dyspnea, had to sit up, drain some of
the dialysate and then they could fall asleep again. After the
study, both patients were switched to I-liter overnight ex-
changes. Volumes of 1.5 liters might have relieved the patient's
symptoms better maintaining dialysis efficiency; however,
these are not currently available.
Changes in vital capacity were not dependent exclusively on
TAP since no differences in lAP were noted among patients with
marked and minimal changes. Muscle shortening depends on
the strength and resistance against which the muscle contracts.
Since pressure resistance for the diaphragm was approximately
the same in these patients, results suggest that diaphragm
strengths differed markedly.
Thieler et at [20] in their study on pulmonary function in
CAPD patients found a minimal decrease of 3.4% in FVC after
infusion of 2 liters of dialysis solution compared to that with the
empty abdomen only in the supine position. They did not
observe significant deterioration or improvement in pulmonary
functions in the sitting and upright positions up to 2 liters of
IPV. However, in our study, an increase in FVC in both vertical
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Table 4. lntra-abdominal pressure as a function of intra-abdominal
fluid volume (literature survey)
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positions in CAPD patients has been observed with moderate
amounts of IPV, Gotloib et al [12], found a 62% reduction in
FVC with 2.5 liters of intraperitoneal fluid in a semirecumbent
position in four patients treated by IPD. Odriozola, Bahlmann,
and Fabel [141 in the study of 10 IPD patients with acute and
chronic renal failure, found a 12.7% decrease in FVC after
infusion of 2 liters of fluid intraperitoneally. Berlyne et al [21]
found a 20% decrease in FVC during a 2-liter dialysatc dwell in
patients with acute renal failure. It is apparent that the patients
treated with CAPD have much better pulmonary function with
intraperitoneal fluid than the patients treated with IPD. The
greatest influence on the discrepancy in FVC pattern between
CAPD and IPD patients is probably connected with the fluid
overload before IPD sessions. Préfaut et al 1221 observed
significant decreases in FVC after intraperitoneal infusion of
fluid during the first half of an IPD session, but at the end of
dialysis the values with the empty and the full abdomen were
the same. They attributed their findings to a decrease in
pulmonary water during dialysis sessions.
Although low vital capacity with the empty abdomen and its
further decrease with increased IPV seemed to be the major
determinants of the patient's tolerance to high volume dialysis,
some other factors might also play a role. Some patients
complained of decreased appetite which may be due to competi-
tion for space in the abdomen between dialysate and food.
Changes in cardiac function may also occur. Guazzi et al [III
found dramatic improvement in cardiac functions concomitant
with the decrease in the right and left atrial pressures after
drainage of ascitic fluid in cirrhotic patients. Studies of the
influence of IPV on cardiac functions in dialysis patients
showed inconsistent results. Schurig et al [131 did not find
significant changes in the right atrial pressure, pulmonary artery
pressure, and cardiac index with 3 liters of intraperitoneal
dialysate. Others reported up to a 20% decrease in cardiac
index with 2 liters of intraperitoneal fluid [23, 24]. It is conceiv-
able that the patients with good pulmonary function but intoler-
ance to high volume dialysis may have had significant deteriora-
tion in cardiac function.
In summary, up to 50% of the patients could tolerate 3-liter
volumes an additional 30% may tolerate 2.5-liter volumes. A
small proportion of patients is intolerant to 2-liter volumes, It is
essential to have 1.5- and 2.5-liter bags commercially available
for CAPD to better match the individual patient's needs.
The advantages of high volume, low frequency dialysis are
self-evident. The best candidates for this technique seem to be
men with nonsystemic disease (excluding polycystic renal dis-
ease) with capacious abdomens and high forced vital capacity
values. However, other patients should not he excluded from a
trial since many factors influence patient's tolerance. A de-
crease in FVC with increased intraperitoneal volume is a
contraindication to this technique.
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